PURPOSE: The purpose of this study was to investigate the effect of weight shift training with electrical sensory simulation feedback on quiet standing balance in hemiplegic stroke patients.
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RESULTS:
COP path lengths significantly decreased by 3% after training in the experimental group and this was significantly greater than that observed in the control group (p<0.05). In both groups, foot forces of affected sides showed significant increases after intervention, whereas foot forces of unaffected sides showed significant decreases (p<0.05). No significant difference was observed between the two groups with respect to these changes.
CONCLUSION:
Weight shift training using electrical sensory simulation feedback has a positive effect on quiet standing balance in hemiplegic stroke.
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Ⅰ. Introduction
Stroke is a neurological deficit resulting from cerebral hemorrhaging or cerebral vascular occlusion. Signs and symptoms of stroke include an inability to move or feel on one side of the body, problems understanding or speaking, and equilibrium disorder (de Haan et al, 2015; Jun et al, 2014; Mehrpour et al, 2014) . The patients with stroke have significant problems with motor feedback, because of a loss of balance, muscle weakness, and 258 | J Korean Soc Phys Med Vol. 10, No. 3 abnormal movement pattern (Chinsongkram et al, 2014; Kwon and Shin, 2013) .
79 to 87% of people that experience stroke suffer from foot force disequilibrium (Laufer et al, 2000) , most suffer from hemiplegia, that is, paralysis affecting one side of the body, and these patients tend to place 61 to 80% of body weight on the lower extremity of the unaffected side when standing (Dickstein et al, 1984) .
In cases of hemiplegia, rehabilitation teaches the importance of placing body weight on the affected side, since this improves balance and promotes a symmetrical standing posture (Lee et al, 2012) . In addition, tactile sensory stimulation during the initial stage of impairment aids functional recovery, and this form is treatment is more effective when provided consistently and repetitively (Craik, 1982; Koh et al, 2015) . and others. However, few studies have been performed on therapeutic intervention using electrical sensory simulation by tactile stimuli. Therefore, this study was performed to examine the effect of weight shift training using electrical sensory simulation feedback on quiet standing balance in hemiplegic patients after stroke.
Ⅱ. Method
Subjects
We recruited hemiplegic patients after stoke at Daejeon 'H' hospital. General characteristics of subjects (age, gender, weight, height, etc.) were obtained using questionnaires. The inclusion criteria were:
(1) Definite diagnosis of hemiplegia after stroke. The 30 hemiplegic patients were allocated equally and randomly to an experimental group or a control group.
Members of both groups underwent comprehensive rehabilitation for 30 minutes per day, 5 days per week for 4 weeks.
In the experimental group, weight shift training using electrical sensory simulation feedback was conducted for 15 minutes after comprehensive rehabilitation sessions, whereas in the control group, patients conducted leftward/ rightward weight shift training by themselves for 15 minutes per day. This process was then repeated to a total of 60 cycles per 15 minute session (Fig. 1) . 
Measurement device
In this study, to measure balance in a standing posture, static plantar pressure was measured using a Zebris Plateform (Zebris Medical GmbH, Germany). This unit is 700mm long, 400mm wide, and 21mm high and weighs 6.5kg; the sensor zone is 542 × 339 mm in size and contains 2560 sensors.
To measure static plantar pressure, the patient was instructed to place both feet on the Zebris Platform and keep eyes forward while maintaining a static standing posture. The Stance Analysis mode was selected to measure static plantar pressure for 13 sec. Group COP path lengths, COP velocities, and foot forces were measured and compared. During measurements, an assistant accompanied patients to prevent accidents.
Data analysis
The statistical analysis was conducted using SPSS ver.
18.0 for Windows. After testing data for normality, Wilcoxon-signed rank tests were conducted to compare balance abilities before and after intervention in each group.
Mann-Whitney U tests were conducted to compare changes in balance ability before to after intervention in the two groups. Statistical significance was accepted for p values < 0.05.
Ⅲ. Results

General characteristics of the study subjects
Of the 30 subjects that participated in the present study, two patients in the experimental group and three patients in the control group dropped out due to lack of participation during the intervention period, and thus, the numbers of subjects that completed the present study were 13 in the experimental group and 12 in the control group. No significant intergroup difference was observed with respect to sex, affected regions, ages, time after onset, or heights or weights (Table 1) .
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2. Comparison of balance ability levels before and after intervention in the two groups
Balance ability levels before and after intervention in the experimental and control groups are as shown in Table 2 .
In the experimental group, COP path lengths significantly decreased by 3% and FFAS (foot forces of affected side) significantly increased by 28%. On the other hand, FFUS (foot force of the unaffected side) significantly decreased by 19% after intervention (p<0.05). In the control group, FFAS significant increased by 9% and FFUS significantly decreased by 7% (p<0.05).
A significant difference in post-training changes in COP path lengths was observed between the two groups, and a greater mean decrease was observed in the experimental group (p <0.05). However, post-training changes in Velocity, FFAS, and FFUS were not significantly different in the two groups (p>0.05).
Ⅳ. Discussion
This study was conducted to examine the effects of weight shift training using electrical sensory stimulation feedback on balance in a quiet standing posture and to check the potential of training as an intervention in adult hemiplegic patients after stroke.
According to the results of the present study, the experimental group showed a significant decrease by 3% in mean COP path length (p<0.05). Although the control group also showed a decrease in COP path lengths, this decrease was not significant. Stroke patients with hemiplegia have postural control difficulties due to the phenomenon of weight load displacement toward the unaffected side and reduced balance ability, and exhibit increased instability and postural sway (Johannsen et al, 2006) . According to a study conducted by de Haart et al (2004) Mean foot force ratio of affected sides showed significant increases from 36.0% to 46.0% in the experimental group and from 42.5% to 46.5% in the control group (p<0.05).
The foot force ratio of unaffected sides showed significant decreases from 64.0% to 54.0% in the experimental group and from 57.5% to 53.5% in the control group (p<0.05).
Although both groups showed improvements in the symmetry of lower extremity weight bearing, the experimental group showed a little more improvement.
Given the results of a previous study, which indicated sensory inputs from skin play an important role in balance control (Zhang and Li, 2013) , weight shift training with electrical sensory stimulation feedback is considered to influence balance control. In addition, as shown by a previous study, hemiplegic patients make more conscious efforts than normal controls, not to fall during postural control and this makes hemiplegic patients select the safest and easiest way for postural control (Kusoffsky et al, 2001 ).
This result might be due to the fact that weight shift training using electrical sensory stimulation feedback facilitates safe conscious postural control.
Although both intervention programs were effective for improving balance ability while standing in hemiplegic patients after stroke, the weight shift training using electrionic sensory stimulation feedback has greater effects on center of pressure path lengths and bearing weight symmetrically on the two lower extremities than the leftward/rightward weight shift training by themselves. Therefore, the weight shift training using electrical sensory stimulation feedback can assist clinicians and trainers in developing an appropriate exercise program to improve balance ability in adult hemiplegic patients.
However, the present study has limitations, as the number of subjects involved was small, the training period was only four weeks, and results were obtained immediately after training, and thus, its results cannot be generalized.
Therefore, a long-term study is required in a larger cohort to confirm our results regarding the effects of intervention to enable the generalization of results.
Ⅴ. Conclusion
In the present study, to examine the effects of weight shift training with electrical sensory stimulation feedback on the balance ability of adult hemiplegic patients while standing, the experimental group underwent comprehensive rehabilitation and weight shift training with electrical sensory stimulation feedback and the control group underwent comprehensive rehabilitation and general leftward/rightward weight shift training five times per week for four weeks. After intervention, the experimental group showed significant decreases in center of pressure path lengths and the experimental and control groups showed significant decreases in the foot force ratios of unaffected sides and significant increases in the foot force ratios of affected sides. In addition, the experimental group showed larger decreases in center of pressure path lengths after intervention than the controls. These findings indicate weight shift training with electrical sensory stimulation feedback is effective at improving balance ability in adult hemiplegic patients.
